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MATERIAL PROPERTIES OF &l TYPES “

OF PIASTIC-BONDED GIJSS CLOTH

~ Norman Rafel and Evan H. Schuette

INTRODUCTION

A number of plastic materials havo been proposed
for structural use in aircraft.. Uaterial properties of
these plastics cnfltbe established, however, before their
use in aircraft structures can be put on a sound basis~
Reference 1 presented the results of m~.terial-property
tests of’a plastic-bonded material of glass cloth and
canvas and suggested Q typo of fabrication clfplastic-
bonded glass cloth which it was hoped might prove su~orior
to the type used in the tests Of reforerice1. Results
sre presanted herein of tensile and compressive tests of
two types of plastic.bonded glass cloth, including a
specimen fabricated as suggtistedin ref~rance 10 The
material for these tests was furni~hfidby the Swedlow
Aeroplastlcs Corporation, Glendale, Cdif.

DESCRIPTION OF.HATEXJ.AL

The two types of glass oloth included in this inves-
tigation are identified as roctangulazwweave (ECC-11-162
Flborglas fabric) and Unidirectlcnal weave (OC-4 Fiber-

..glas fabric); the bonding agent was Ml-lresin, The density
of the plastic-bonded rectangular-weave cloth tested was
0,059 pound per cubic inch and of the plastic-bonded
unidlrectlcinal-weavecloth, 0.056 pound.p~r cubic inch, The
rectangular.weave glass.olotk layera were cross-laminated
and bonded to produco a plate approximately 1/2 inch tk~icko

Fi
K

e 1 shows the relative directions and spa~~g
of the ead~ In the surf’acelayer of tho plate~
direction along which the arrow is shovm Is desi~lated
the longttudlnal direction. Inspection of the material
disclosed that the layers wer~ not alternately crossed
throughout but were lanlinatedin grou~s of layers in
each dlrection~ The thicknesses-of the groups were not
constant, a.d consequently there may have been nmre layers
in one directtin than..lnthe other,

.
.— .
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The unldlrectlonal-weave glas~-cloth layers were
similarly crose-lamlnated and bonded to form a l\2-inch-
thlck plate and, as In tk.ecase of the rectangular-weave
cloth, were not alternately crossed throughout. Figure 2
shows the relative directions of the threads in the sur-
face layer of’the bonded Unidlrecti.onal-weaveglass cloth
and Indicates the longitudinal direction.

T21STSPECIhGNS

Yomlnal dimensions of the ten~lle and compressive
specimens cut from the l/2-inch-thick plates are given
in figure 3. Three tensile and three compressive speci-
mens were cut from each jLte and are identified as
having the longitudinal Glrection of the surf&ce layer
parallel, transverse, or at 45° to the sxis of the
spec!men. The compressive s~ec~l~e~ls were machined on
the cut surfaces with particlliarattention paid to making
the loaded eur~acas square with the longitudinal axis of
the specimen.

One other specimen was supplied. This specimen
embodied the same principle as a spirally reinforced
concrete column, as supp?sted in reference 1, and was
formsd of two crossed layers of unidirectional-weave
Elass clGth rolled an3 bonded to form a cylinder as shown
in fi.~re )/..The ends were finished square with the axis
and the sp~cimen was tested in compression.

TdST PROCEDURE

The tensile specimens were loaded by anplyinc the
loadil~ pips agai~st the ed~es of’the l&ye~~.-.S~eel
plates, bolted tofletherthrough tb.especimen, were attached
to the suri”aceso~ the clotilto prevent separation of the
layers. (S06 flc. 3.) The ccmgmessive specimens were
loaded with the compression heads of the testing machine
beni~ directly a~alrtstthe flat specimen ends.

Tuckerman optical st “c.La gages of l-inch gage length
were attach.edat the cent.:’of the reduced section of the
tensile specimens against the edgec of the layers and
slmllarly at the center of the compressive specimens



against ,theedges of the lcyers. POW Tu&erman optical
-, --strain gagesof 2-lnoh .gaSe length were evenly ~pacad.-

around the clrcumferoncs at midhei~.ltof the spf.rail.y
wrapped ~idirectichml-weave-cioth specimen.

In all tests cansldsrsble amounts of creep cccurred
at the Jil@er loads, and readings were taken in such cases
Gnly after the creep had become barely parcept:ble.

RESULTS AND DISCUSSION

Results of the tests c~uepresented In table I and
in figures ~ to 9. ~c specim~ns after failura are shown
in figures 10 to 12.

For both types of cloth, the llltjmutoten3i2e stress
and the tensile and corpressivn yield stresses at 45° to
the thread direction were considerably lower tlnfinthe
corresponding stresses paiiallelor pel’pendiculm to tiie
tkread direction. The comnresslve ultlmate stress for
the 45° speclm3ne, however, was &lmost tho came e-stine
ultimate strass for tinecorres:pondi~ lo~itudinal speci-
mens, which seems to indicate that the plastic itself Is
an important factor in compressive strength, ragardloss
of tho directfon cf the Slass threads,

Comparison of the results of the tests of the two
types of cloth {see table 1) shows that the ultimate
comprossivo stresces were some-;hathi~er s.ndthe com-
pressive yield stresses were vtir~much highe”rfor the
unidirectional-weave specimens than for the corresponding
rectangular-weave specimens.

The compresslvo stress-st~aln curve for the plastic-
bonded spirally wrapped unidirectional-weave-elotiispecimen
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I.spresented In figure 9. Table I indicates that the
modulus of elasticlt~ for this Spebimen was slightly
hlglherthan for any of the others. The ultimate stress,
however, was not hi.@LerIthan the ulthate stress obtained
from the cross-laminated unidirectional-weave-cloth
specimens.

CONCL-USIONS

l?esultsof tensile and compressive tests of two
types of plastic-bonded glass clotlnindicated the fol-
lowi~ conclusions:

1. The ul%irate tensllc stress cnd the tens?le and
connressive yield stresses at 45° to the thread direction
were considerably lower bhtinbh~ corresponding stresses
parallel OY perpendicu?.arUO the ti~vecddirection.

The use of spirally wmappctlunidirectional-weave
cloth instead of ordinary cross-laminated cloth had no
appreciable effect on the ulthatc compressive stress.

Larl$jlOyNermrial Aeronautical Laboratory
ifatlonclAdvisory Committee fcr Aercnautj.cs

lJ&n[-leyField, Va.
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1. Zender, George W., Schuette, Eva.aH., and WeSnberger,
Robert A.: Data on Material properties ad p~oI.
Compressive Strength of a P].astic-Bmded Material”
of Glass Cloth anclCanvas. NAflATN Nom ~’r~,@&
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Figure L-Rekxhe directionsand’spacing
of th~eads in rec-tmqulo. r-weave cloth.
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Figure 3.- Nominal dimensions of tensile
and compressive specimens.
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Figure 4.- Nominal dimensions of spimlly
wrapped unidirectional–weave-
cloth specimen.
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stress- strain curves *r
rectangular-weave cloth.
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Figure 6.- Compressive stress - stmin curves fo~
plastic-bomfe d rectangular-weave cloth.
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Figure 7.- Tens; Ie st-ress - strain curves for
plastic- bonded unidirectional-weave cloth,



NACA RB No. L4H16 Fig. 8

18
I I I I I
Stress -0+ maximum load-

16 s /

r

14 r‘/p.
//

P / I
I
I

12 - r I
I

Transverse ) I
I
I

10 / I
.- 1
2 [ kon itudiml9 I
u)’ I
WJ8 )
p I
3 I

/

6-- /

/ 45:

4 /
/

/ ‘

2

t-”--l Strain

Figure 0.- Cotnpressiw stress- strain
bonckd unidirectional- weave cbt h.

NATIONAL ADVI.$ORY
COMhWTEE FOR AERONAUTICS

curves for plastic-



NACA RB No, L4Hl(j Fig. 9

.-

3
V)’
(n
a)
L

iii

14 .
Stress at ~ximum 10

I,,

12

10

8

6 i

4 )

2 }

o A

o .002 .- .006 .008

5trf2in NATIONALADYISORY
COMMITTEEFOR AERONAUTW

Ficyre 9.- Compressive stress- strain curve
‘for plastic- bondecf spired Iy wrapped

unidirection~l –weave clat h.



NACA RB No. L4Hlfj Fig. loa

Longitudinal 45° Transverse
(a) Rectangular weave.

Figure 10. - Tensile specimens after failure.
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Longitudinal 45” Transverse
(b) Unidirectional weave.

Figure 10.- Concluded.
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Figure 11. - Compressive specimens after failure.
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Figure 12,- Front and side views of spirally wrapped unidirectional-
weave-cloth specimen after failure.
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